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Gonadotropin Independent Precocious Puberty

Louis C.K. Low' and Qian Wang?

! Department of Paediatrics, The University of Hong Kong,
Queen Mary Hospital, Pokfulam, Hong Kong SAR
’Department of Paediatrics, The First Teaching Hospital, Beijing Medical University
People’s Republic of China

INTRODUCTION

Precocious puberty is the onset of breast devel-
opment before the age of eight years in girls and
testicular enlargement before the age of nine years
in boys. However the age cut-off used in the defi-
nition must be modified in the light of information
on pubertal development in a particular population.
Central precocious puberty (CPP) is defined as the
early development of secondary sexual characteris-
tics due to maturation of gonadal steroidogenesis
and gametogenesis as a result of early maturation of
the hypothalamic-pituitary-gonad axis. Precocious
puberty leads to accelerated growth and skeletal
maturation and compromised adult height /1/.
Gonadotrophin releasing hormone (GnRH) anal-
ogue is the treatment of choice but improvement in
final height is best in children who have been diag-
nosed and treated before six years of age /2/.
Pseudoprecocious puberty is the early development
of secondary sexual characteristics due to autono-
mous secretion of sex hormones as a result of pri-
mary disorders of the adrenal glands or gonads
without evidence of gametogenesis or pubertal lev-
els of gonadotrophins. Causes of pseudoprecocious
puberty include congenital adrenal hyperplasia,
human chorionic gonadotrophin (HCG) secreting
tumors and tumors of the adrenal gland or ovary. In
recent years, a third condition, gonadotrophin-
independent precocious puberty (GIPP), has been
described in patients with early maturation of
gonadal steroidogenesis and gametogenesis without
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pubertal concentrations of pituitary secreted
gonadotrophins /3/. This unique mode of preco-
cious sexual development has been described in
boys with familial or sporadic male-limited preco-
cious puberty (FMPP or SMPP) /4/ and girls with
the McCune-Albright syndrome /5/. This review
focuses on what is currently known about the clini-
cal presentation, mechanism of disease and treat-
ment of gonadotrophin-independent precocious
puberty.

FAMILIAL AND SPORADIC MALE-LIMITED
PRECOCIOUS PUBERTY

Clinical features

Familial male-limited precocious puberty
(FMPP) has been known for at least half a century
and interest in the condition was revived in the
1980s /3,4,6-13/. The syndrome is characterized by
sexual development with pubertal sex hormone
concentrations and spermatogenesis in the absence
of pituitary gonadotrophin secretion in a pubertal
pattern. Although sporadic cases (SMPP) have been
reported, the condition has only been described in
males, extending to several generations of the
family. The pattern of inheritance supports a sex-
limited autosomal dominant transmission with
greater than 90% penetrance, and female carriers
are unaffected by early sexual development or
endocrine abnormalities /7,8,9,12/. The male
patients develop progressive secondary sexual
characteristics with rapid physical growth and
skeletal maturation often accompanied by sexually
aggressive behavior within the first two to three
years of life. The penis increases in size but
testicular volume is increased to a size that is less
than expected for the degree of sexual development
/8-10,13/.  Gonadotrophin-independent isosexual
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precocity has been described in a boy with tuberous
sclerosis /14/. Fertility is unaffected although evi-
dence of premature gonadal failure may appear
later in adulthood /9/.

Laboratory findings

The typical hormonal profile of patients with
SMPP or FMPP consists of pubertal levels of
testosterone in the presence of low basal luteinizing
hormone (LH) and follicular stimulating hormone
(FSH) concentrations with the lack of a pubertal
rise in LH and FSH concentrations to GnRH
stimulation /3,4,8-10,13,15/. A pulsatile pubertal
pattern of LH and FSH secretion is distinctly absent
throughout the day during the early phase of the
disease /4,13,15/. The source of the elevated
testosterone level is the testes and not the adrenal
glands; bilateral adrenal vein sampling revealed no
testosterone gradient /4,8/. Before the discovery of
the molecular basis of FMPP (vide infra), the
condition was thought to be due to an inherited
intratesticular defect /4,8,9,16/, and bioactive LH
had not been detected using a rat Leydig cell
bioassay /3,8/. As serum concentrations of FSH in
prepubertal children are much higher than that of
LH, the detection of lower than normal levels of
FSH using the newly established ultrasensitive
immunofluorometric assay for gonadotrophins can
be helpful in the diagnosis of GIPP and hypo-
gonadotrophic hypogonadism /17/. Anti-Miillerian
hormone (AMH) is produced by Sertoli cells from
fetal life until puberty and an inverse relationship
between AMH and testosterone had been demon-
strated in both CPP and GIPP, suggesting that
gonadotrophins are not directly implicated in
repression of AMH synthesis at puberty but rather
that the decrease in AMH production is the
consequence of an androgen-mediated reversible
chain of events leading to morphological and
functional maturation of Sertoli cells /18/.

Testicular biopsies from patients with FMPP
have revealed premature Leydig cell maturation or
Leydig cell hyperplasia with variable degrees of
active spermatogenesis especially adjacent to the
Leydig cell aggregates /4,8-10,16/. Germ cells at all
stages of spermatogenesis are present but there is
evident disorganization of maturation and the
spermatids exhibit a variety of structural abnormal-

ities /16/. Although spermatogenesis has been
generally thought to require FSH stimulation
(which is low in FMPP), it may occur in response
to high intratesticular concentrations of testosterone
alone /19/. Sertoli cells are characterized by
complex cytoplasmic differentiation compatible
with premature differentiation of all major
testicular cell types in FMPP.

The natural history of the condition can be
divided into three stages: in childhood, there is
gonadotrophin-independent Leydig cell hyper-
function; in adolescence and early adulthood
pubertal gonadotrophin secretion is observed, both
spontaneously and in response to GnRH; in later
life, elevated LH and FSH levels are fond because
of damage to the germinal tissue and decreasing
Leydig cell function /9,11,15/. Despite exposure to
pubertal levels of testosterone from early childhood
and advanced skeletal maturation, the pattern and
timing of hypothalamic maturation of GnRH-
induced pulsatile gonadotrophin secretion appears
normal for age in two longitudinally followed
patients with GIPP /15/. In most patients with
SMPP or FMPP, one can assume that the testes will
come under pituitary regulation once the pubertal
pattern of gonadotrophin secretion is established.
The demonstration of autonomous gonadal steroid
secretion in patients with GIPP treated with GnRH
analogue after the onset of central puberty suggests
that the potential for gonadal autonomy can persist
into adulthood. In the Chinese family with FMPP
that we have reported, low basal LH and FSH
concentrations with no rise to GnRH stimulation
was observed in a 35 year-old patient, indicating
that gonadal autonomy with suppressed gonado-
trophin secretion can occasionally persist into
adulthood without establishing a pubertal pattern of
pituitary gonadotrophin secretion /10/. The serum
concentrations of adrenal androgens in patients
with GIPP appear to increase in a chronological
age-appropriate manner rather than in accordance
with the degree of skeletal advancement /15/.

Molecular mechanism of disease

The human LH receptor is a member of the
family of G-protein coupled receptors. The
molecular defect of FMPP was first shown to be
due to a dominant mutation in the LH receptor gene
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GONADOTROPIN INDEPENDENT PRECOCIOUS PUBERTY

that resulted in the production of a receptor that
could undergo spontaneous activation in the
absence of the agonist LH or HCG /20/. A single A
to G base change that resulted in substitution of
glycine for aspartate in position 578 in the sixth
transmembrane helix of the LH receptor was found
in affected individuals from eight different families
120/, COS-7 cells expressing the mutant LH
receptor exhibited a markedly increased cyelic
AMP production both basally and in response to
HCG. Since then, many other mutations causing
SMPP or FMPP have been reported in the literature
with most of these mutations occurring between
amino acid residues 542 and 581, encompassing
transmembrane helix five and six and the third
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cytolasmic loop of the hwman LI receptor,
suggesting that exon eleven of the LH receptor gene
is the mutation hotspot (Table 1). These mutations
may sometimes create a recognition site for a
particular restriction endonuclease and restriction
digest analysis can be used to investigate suspected
cases of FMPP for a particular mutation (e.g. Msp 1
for D578G mutation, Rsa I for D564G mutation
and Aci 1 for C581R mutation). The D578G
mutation is the commonest mutation found in
patients with MPP and the report of this mutation
in other ethnic groups apart from Caucasians is
against the possibility of a founder effect for this
mutation. So far approximately 46% of SMPP and
77% of cases of FMPP result from the D578G

TABLE 1

Location of some known activating mutations of the human leuteinizing hormone receptor
in familial male-limited precocious puberty

Amino Acid Change Location References

Met 398 to Thr Transmembrane helix II Yano *', Kraaij *
Ile 542 to Leu Transmembrane helix V Laue >

Asp 564 to Gly 3rd cytoplasmic loop Laue *

Ala 568 to Val 3rd cytoplasmic loop Latronico **

Met 571 to Ile
Ala 572 to Val
Ile 575 to Leu

Thr 577 to lle

Asp 578 to Tyr

Asp 578 to Gly

Cys 581 to Arg

Transmembrane helix VI Yano
Transmembrane helix VI Laue *

Transmembrane helix VI Laue

Transmembrane helix VI Laue

Transmembrane helix VI Laue %, Kosugi 2

27
5

23

Kosugi *

Transmembrane helix VI Laue ¥

Transmembrane helix VI Shenkar %, Laue %

Yano 28, Kawate %
Kremer *°

23
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mutation, and three other mutations, 1542L, D568G
and A572V, have been found in both forms of MPP
/25/. Patients with non-Caucasian ethnic back-
grounds appear to have a higher likelihood of
having new mutations. Recent studies have
provided evidence that it is the ability of the Asp
578 side chain to serve as a properly positioned
hydrogen bond acceptor, rather than its negative
charge, that is important for stabilizing the inactive
state of the human LH receptor /31/. Both I542L
and I575L involve substituting one non-polar
residue with another non-polar residue of similar
size. It seems likely that the change in position of
the methyl group of these side chains modifies the
relative positions of helices 5 and 6 and the position
or accessibility of the third cytoplasmic loop,
allowing the human LH receptor to assume a
partially active conformation /25/. The surface
expression of the constitutively activating IS75L
mutated LH receptor is diminished but agonist
affinity is normal /25/. The relationship between the
LH receptor mutation and the previously described
testis-stimulating factor /32/ in FMPP is still not
known and this factor is unlikely to be of import-
ance in FMPP in light of more recent evidence.

The Gso protein subunit couples more than
twenty different receptors to stimulation of adenyl
cyclase, and mutations in this gene can result in
loss of function (pseudohypoparathyroidism type
Ia) or gain in function as in McCune-Albright
syndrome (vide infra) and endocrine tumors.
Concurrent occurrence of pseudohypoparathyroid-
ism type Ia and gonadotrophin independent prec-
ocious puberty has been reported in two boys who
were found to have a unique mutation in the
guanine nucleotide-binding protein subunit, Gsa
/33/. The point mutation which results in an alanine
to serine substitution in codon 366 of one Gsa
allele is unique in the tissue specificity of its effect
which is based in part on the instability of the
mutant protein at core body temperature. This
mutant protein has been shown to be stable and can
constitutively increase intracellular cyclic AMP
concentrations at ‘testicular’ temperature of 32°C
but the mutant protein rapidly denatures, with loss
of function at the usual core body temperature of
37°C /34/.

Treatment

Although direct effects of GnRH analogues on
testicular steroidogenesis have been demonstrated,
this effect does not appear to be important in
humans. Continuous use of GnRH analogues
effectively inhibits gonadotrophin secretion mainly
through downregulation of pituitary receptors. In
SMPP and FMPP, testosterone is secreted
autonomously independent of pituitary gonado-
trophins. It is therefore not unexpected that GnRH
analogues, which have been effective in the
treatment of GnRH-dependent central precocious
puberty, have been found to be ineffective in the
management of MPP /3,4,35/. Medrexyprogester-
one acetate has been reported to be effective in
suppressing the elevated plasma testosterone
concentrations and accelerated growth in patients
with MPP /4/. Medroxyprogesterone acetate inhib-
its testicular steroidogenesis at mwultiple enzyme
steps including 17-hydroxylase, 17-20 lyase, 3p-
hydroxysteroid dehydrogenase and 178-hydroxy-
steroid dehydrogenase /36/. However, long term
results of this form of treatment in MPP are not
available.

Ketoconazole is an imidazole derivative and a
broad spectrum antimycotic agent of low toxicity.
Ketoconazole has also been shown to be a potent
inhibitor of gonadal and adrenal steroidogenesis
with a relatively selective effect on the C17-20
lyase step in steroid hydroxylation, but cholesterol
side chain cleavage enzyme, 11-hydroxylase and 18
hydroxylase activities are also inhibited to a lesser
extent /37/. Holland and co-workers were the first
to report the effect of the use of this agent in the
treatment of three patients with MPP /35/. Ketoco-
nazole given in a dose of 200 mg twice daily led to
a significant fall in serum testosterone concen-
trations and a rise in serum 17ahydroxyprogest-
erone within 24 hours and marked improvement in
behavior with disappearance of penile erections and
masturbatory activity within 48 hours of treatment.
After starting treatment, there is a transient blunting
of the cortisol reserve, but the cortisol response to
ACTH and the diurnal rhythm is preserved with
continued treatment /13,35/. The fall in serum
testosterone is associated with a rise in serum 17a-
hydroxyprogesterone but the concentrations of
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andostenedione and dehydroepiandrosterone sulfate
remain unchanged. The dose of ketoconazole may
need to be increased to 200 mg every 8 hours. An
‘escape phenomenon’ is commonly seen in patients
with continued therapy resulting in a progressive
rise in serum testosterone and a pubertal gonado-
trophin response to GnRH. Satisfactory control can
once again be achieved when treatment with a
GnRH analogue is added to ketoconazole therapy
/38/. Side effects of treatment include gastro-
intestinal upset, headache and irritability. At high
doses adrenal insufficiency may occur. About 10%
of patients have transient hepatic dysfunction but
the incidence of true hepatic damage is low (0.1%
to 1%) /37/. Long term use of the combination of
GnRH analogue and ketoconazole treatment ap-
pears to be effective and safe in 11 patients /13/.

As an alternative approach to the treatment of
MPP, blockade of androgen with spironolactone
may reverse the signs of puberty in boys. Persistent
estrogen synthesis during spironolactone treatment
may maintain rapid growth and skeletal maturation
and gynecomastia /39/. Testolactone, a competitive
aromatase inhibitor, will theoretically be required
in addition. Neither spironolactone nor testolactone
when given alone can achieve satisfactory control
of MPP. Spironolactone is started at 2 mg/kg/day
and the dose is increased to 4 mg/kg/day and 5.7
mg/kg/day after 2 and 4 weeks respectively. The
starting dose of testolactone is 20 mg/kg/day (in
four divided doses) increasing by 10 mg/kg/day
every two weeks to 40 mg/kg/day. The combination
of these two drugs restored the growth velocity and
skeletal maturation to normal prepubertal rates /39/.
As the elevated serum testosterone concentrations
do not change with spironolactone treatment and
testolactone or its metabolite interferes with the
estradio]l assay, measurements of serum testoster-
one and estradiol are unhelpful in monitoring
treatment. Assessment of satisfactory control dep-
ends on control of secondary sexual characteristics
and return of growth velocity and skeletal matur-
ation to a prepubertal level. With longer term
treatrnent, most children with MPP exhibit a
pubertal rise in gonadotrophin secretion. The rise in
gonadotrophin levels during central activation of
hypothalamic GnRH secretion in boys with MPP
Causes an ‘escape’ from the combined effect of

VOLUME 11, NO. 4, 1998

spironolactone and testolactone. The addition of
GnRH analogue to combined therapy appears to
restore control of puberty /40/. Proof that any form
of treatment of MPP can improve final adult height
is still awaited.

MeCUNE-ALBRIGHT SYNDROME
Clinical features

McCune-Albright syndrome (MAS) is a
sporadic disorder characterized by GIPP, café-au-
lait pigmented macules which have an irregular
(coast of Maine) border, and polyostotic fibrous
dysplasia, first described by McCune /41/ and
Albright et al. /42/. However, pigmentation may be
absent and not all the patients with polyostotic
fibrous dysplasia and pigmentation have precocious
puberty. The disease is sporadic and occurs in most
ethnic groups, affecting females more commonly
than males. The apparent predominance of females
in McCune-Albright syndrome may reflect a gender
difference in the recognition and diagnosis due to
the high frequency of sexual precocity in girls.

The bone involvement is multifocal in the
majority of the cases of MAS with the limb bones
most commonly affected, resulting in deformity and
occasionally fractures. The bony abnormalities of
MAS may not be apparent on plain radiographs
early in life and a technetium bone scan may be a
more sensitive tool in demonstrating fibrous bone
dysplasia. The distortion of facial features (leon-
tiasis ossia) frequently results from fibrous dys-
plasia of the facial bones which may also cause
compression of the optic or acoustic nerves, leading
to visual or hearing impairment /43/. Precocious
puberty in girls with MAS has been atiributed in
some cases to early activation of the hypothalamic-
pituitary-gonadal axis (CPP) but more commonly to
cyclic estrogen secretion by autonomously funct-
ioning ovarian cysts in patients who are found to
have suppressed gonadotrophin concentrations /44/.
There is rapid progression of breast enlargement
and pigmentation of the nipples together with
growth acceleration concurrent with follicular cyst
development, and uterine bleeding will occur with
involution of the cyst. When the interval between
cyst formation is sufficiently long to permit some
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regression of the secondary sexual characteristics,
then the clinical picture can be one of waxing and
waning pubertal development. High circulating
estrogen levels can induce early growth of genital
hair and apocrine sweat gland activity despite
prepubertal concentrations of adrenal androgens,
because the high estrogen level can increase the
sensitivity of androgen-responsive end organs /45/.
In a patient with MAS, granulosa cells obtained
from a cyst at laparotomy- and cultured in vitro were
found to produce much higher levels of estradiol as
compared to granulosa cells obtained from normal
individuals /46/. A new incomplete form of MAS
in a patient with GIPP, café-au-lait pigmentation
and scalp alopecia due to cutaneous fibrous
dysplasia has recently been described /47/. GIPP
has also been described in a female patient with
Leri-Weill dyschondrosteosis /48/.

MAS is a multisystem disease and hyperthyroid-
ism, acromegaly or gigantism due to growth
hormone excess, hyperprolactinemia, Cushing’s
syndrome and osteopenia with hypophosphatemia
are commonly encountered in these patients.
Growth hormone excess in MAS occurs with equal
frequency in males and females, but radiographic
evidence of a pituitary tumor has only been
reported in 40% of cases /49/. Hyperprolactinemia
is found in 80-90% of MAS patients with growth
hormone excess as oppose to 30-40% in other cases
of acromegaly. Mammosomatotroph hyperplasia
has been reported in such patients /50/. The
responses to growth hormone releasing hormone
(GHRH) and octreotide suggest that the pituitary
function in such patients is not totally autonomous,
and elevated plasma levels of GHRH have not been
found /49/. In children with McCune-Albright
syndrome without acromegaly, the 24-hour growth
hormone profile and serum insulin-like growth
factor I (IGF-I) concentrations are no different from
normal pubertal children /51/. Similarly elevated
levels of thyroid stimulating hormone, gonado-
trophins and adrenocortical stimulating hormone
have not been found to be the cause of hyper-
thyroidism /43/, precocious puberty and Cushing’s
syndrome /52/ in patients with MAS. Hypophos-
phatemia and osteopenia have been found in 20%
of patients /43/. Serum calcium, parathyroid horm-

one and vitamin D concentrations have all been
normal.

Laboratory findings

Polyostotic fibrous dysplasia of bone can be
demonstrated by radiological skeletal survey or
technetium bone scan. GIPP is confirmed by a
prepubertal pattern of spontancous gonadotropin
secretion and a lack of rise of gonadotrophin
concentration to GnRH stimulation in the presence
of a pubertal level of estradiol /44/. The lack of any
clinical or hormonal response to GnRH analogue is
further evidence that the precocious puberty in
MAS is not dependent on pituitary gonadotrophins
/53/. Rarely, a patient with MAS may present with
CPP and such patients will usually respond to
GoRH analogue /44,53/. Occasionally precocious
puberty due to autonomous ovarian hyperfunction
can be followed by gonadotrophin dependent
puberty in MAS patients /54,55/.

Ultrasonographic examination (USG) of the
pelvis is crucial in the assessment of precocious
puberty in MAS. The degree of asymmetry between
the right and left ovaries has been found to be
significantly greater in girls with MAS as compared
to girls with CPP. Asymmetry is due to the
presence of large solitary cysts in the larger of the
two ovaries /56/. Serial USG is useful in the
monitoring of progress of the disease and also the
response to treatment. High circulating levels of
estradiol correlate well with cyst size, and
involution of the cyst will result in a fall in serum
estradiol and uterine bleeding /56,57/. We have not
been able to demonstrate any FSH bioactivity using
a rat granulosa cell assay /58/ in children with
recurrent ovarian cysts with or without features of
MAS /57/. On the contrary, increased FSH bio-
activity was reported in two out of six children with
MAS by Foster and coworkers but the activity did
not vary with ovarian cyst size /56/. It is important
to realize that there are quite a number of reports in
the literature of patients with GIPP due to recurrent
ovarian cyst formation without the features of MAS
/57,59-62/. It has been proposed that the underlying
defect of MAS may be expressed in the ovaries but
not in the skin or bones of these patients /60/. In
addition one should menitor for the development of
other endocrinopathies and non-endocrine abnorm-
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alities, including hypophosphatemia, chronic liver
dysfunction, intestinal adenomatous polyps, thymic
hyperplasia and cardiopulmonary abnormality.

Molecular mechanism of disease

The explanation for the autonomous function of
multiple endocrine glands in patients with MAS is
the overactivity of the cyclic AMP signaling path-
way. The G-proteins involved in signal trans-
duction are heterotrimers consisting of o, f and y
subunits, each of which are encoded by separate
genes /63/. Inactive stimulatory G-protein (Gs) is
normally activated by interaction with a hormone-
bound receptor resulting in exchange of GTP for
GDP and dissociation of the o subunit. In the case
of Gs, the GTP-bound o subunit interacts with and
stimulates adenylate cyclase and specific ion
channels. The intrinsic GTPase activity of the o
subunit inactivates the G-protein /64/. Certain
mutations in the Gsa gene can result in inhibition
of GTPase activity of Gs, prolonging the action of
the active protein in the absence of stimulatory
hormone. Such mutations, also known as gsp
mutations, have been described in endocrine
tumors. Somatic Gso gene mutations in codon 201
(arginine to either cysteine or histidine) and codon
227 (glutamine to histidine) have been reported in
GH-secreting pituitary tumors or thyroid adenomas.
Mutations in the Arg!” codon of inhibitory G-
protein-2 o subunit (Gai,) have been detected in
adrenal and ovarian tumors /65/. As autonomous
functioning of multiple endocrine glands s
common in MAS, it has been hypothesized that
early somatic mutations of the Gsa gene may be
responsible for the disease. Two somatic activating
mutations within exon 8 of the Gsa. gene (arginine
201 to cysteine and arginine 201 to histidine) were
detected in different tissues of patients with MAS
/66,67/. The proportion of cells affected by these
mutations varied from tissue to tissue in different
patients with MAS /66,68/. As these mutations are
found in tissues derived from the ectoderm, meso-
derm and endoderm, the mutational event must
therefore take place before the development of the
trilaminar  disk early in embryogenesis. Gsa
Mmutations have been detected in tissues (pancreas,
‘ blood) with no clinical abnormalities, and one
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possible explanation is that there is low expression
of the mutant gene as messenger RNA or protein in
these tissues. The development of cystic ovaries
and precocious sexual development in MAS has
now been shown to be due to the gonadotrophin-
independent maturation of primordial follicles
harboring these gsp mutations. Patients with GIPP
due to recurrent ovarian cyst formation without
other features of MAS may also have such
mutations limited to the ovaries but proof of such
an occurrence is still awaited /60/.

In two girls with precocious puberty due to
recurrent autonomous ovarian cyst formation with-
out  features of MAS, the basal 17athydroxy-
progesterone (17aOHP) levels were reported to be
normal, but the exaggerated 170QHP response to
ACTH and the failure of suppression of the
1700HP levels with dexamethasone suggested an
abnormality of adrenal androgen secretion in these
two patients /61/. In addition these girls also had
increased levels of dehydroepiandrosterone sulfate,
16-hydroxydehydroepiandrosterone  sulfate  and
another unidentified steroid sulfate in their serum
as well as in the cyst fluid. It was proposed that
increased stercid production by the adrenal gland
stimulated the development of ovarian cysts which
would in turn convert the adrenal steroids to
estrogen, leading to increasing cyst size and
estrogen production. However, the importance of

this observation in relation to the recently
elucidated molecular defect remains to be
established.
Treatment

As precocious puberty in patients with MAS is
usually gonadotrophin independent, GnRH anal-
ogue therapy has not been found to be uscful
/53,57/. Cyproterone acetate, which is a steroidal
antiandrogen, has been used to treat such patients
(occasionally together with a GnRH analogue)
usually in a dose ranging from 50 to 150 mg/m?/
day. The drug may be effective in controlling the
progress of the secondary sexual characteristics but
treatment does not appear to improve final adult
height /69,70/. Information on treatment with
medroxyprogesterone acetate is limited and its
action depends on its local anti-estrogen properties




504 L.CX. LOW AND Q. WANG

rather than its inhibitory effect on gonadotropin
secretion. The effect on final adult height is similar
to cyproterone acetate.

Testolactone is an aromatase inhibitor and
exerts its anti-estrogen effects through inhibition of
the enzymatic conversion of androstenedione to
estrone and testosterone to estradiol. The first
reports of successful use of testolactone in MAS
appeared in 1985 and 1987 /71,72/. In a more
recent report, testolactone in a dose of 40 mg/kg/
day was used in the treatment of 12 children with
MAS for periods of 0.5 to 5 years; seven children
received treatment for more than 3 years /73,74/.
Treatment resulted in a significant fall in serum
estradiol concentrations, menstrual episodes,
ovarian volume and growth velocity. However the
serum estradiol did not suppress to prepubertal
levels and infrequent menses still occurred.
Recurrence of ovarian cyst was observed in two of
the seven children at the end of 3 years of
treatment. In three of the girls with skeletal age
more than 12 years, the gonadotrophin response to
GnRH indicated CPP after 1-4 years of treatment.
Such patients would likely benefit from the
addition of a GnRH analogue to the treatment
regimen. No significant improvement in predicted
adult height occurred after 3 years of treatment
/74/; final height data from treated patients are
awaited. Most patients experienced problems with
compliance, and side effects of treatment included
transient abdominal pain, headache, diarrhea and
abnormal liver enzymes.

In a report of the long-term follow up of 15
MAS patients, four female patients reached a final
height which was not different from the mean of
normal females /43/. The patients developed
reguiar menses and two had children. However,
persistence of autonomous ovarian function and
irregular menses into adult life has been reported.
Surgery has sometimes been used to control
pubertal development /45,69/, but it should be
discouraged as recurrence is likely. In patients with
other endocrinopathies and non-endocrine abnorm-
alities, these problems should receive appropriate
attention in terms of investigations and treatment.
Of special interest are the patients with GH excess;
pituitary surgery should only be undertaken after
careful consideration as there is a high frequency of

vascular parasellar bony involvement by fibrous
dyspiasia /49/.

SUMMARY

Clinicians should now be fully aware of this
intriguing condition of GIPP. The condition is
characterized by pubertal sex steroid concentrations
and gametogenesis in the presence of prepubertal or
suppressed gonadotrophins. In patients with MPP
especially without a family history, one should
exclude the possibility of pseudoprecocious puberty
due to premature production of sex steroids without
pituitary gonadotrophins resulting from a primary
disorder of the gonad or adrenal gland or to auto-
nomous secretion of gonadotrophin by a tumor.
Similarly in patients with recurrent ovarian cyst
formation, persistence of the cysts especially with a
significant solid component beyond three months
should alert a clinician to the possibility of juvenile
granulosa cell tumor of the ovary /75/. After
confirmation of the diagnosis appropriate treatment
should be instituted.
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